The impacts of a teat being suckled or not in fi rst parity on its development, gene expression, and milk yield in the next parity were studied. Fortyseven fi rst-parity sows (Sus scrofa) were divided into 2 groups: i) the same teats suckled in 2 subsequent lactations (controls, CTL; n = 22); and ii) different teats suckled in 2 subsequent lactations (treated, TRT; n = 25). In the fi rst lactation, over half of the teats (Teats 1, 2, 5, 6, and 7 from 1 side of the udder, and Teats 3, 4, and 7 from the other side) were sealed with tape so that they were nonfunctional. During the next lactation, the CTL group had the same teats sealed as in the fi rst lactation, whereas the opposite teats were sealed for the TRT group. In both parities, litters were standardized to 7 piglets around birth and to 6 piglets (1 piglet per available teat) at 48 h postpartum. During the second lactation, piglets were weighed at birth and on d 2, 4, 7, 14, 21, 35, and 56 postpartum. Weaning was at 17 ± 1 d of age. Behavioral measures were obtained (using 24-h video recording) on d 3 and d 10 of lactation on 15 sows per treatment to evaluate satiety of piglets, using aggressiveness and nursing behavior as indicators. At weaning in the second lactation, 16 sows per treatment were slaughtered and 4 functional mammary glands were collected for compositional analyses and parenchyma from 2 nonfunctional glands was collected to measure mRNA abundance for selected genes. Piglets from CTL sows weighed 1.12 kg more than piglets from TRT sows (P < 0.05) on d 56, and functional mammary glands from CTL sows contained more parenchymal tissue, more DNA, and more RNA (P < 0.01) than those from TRT sows. The relative mRNA abundance of prolactin in parenchymal tissue tended to be greater in CTL than TRT sows (P < 0.10). Behavioral measures indicated a greater hunger level for piglets using teats that were not previously suckled. Current fi ndings clearly show that teats that were suckled in fi rst lactation produce more milk and have a greater development in the second lactation than nonsuckled teats.
INTRODUCTION
Milk intake by suckling piglets is the crucial factor determining their growth rate and is regulated by the amount of milk produced per teat. In turn, potential milk yield is affected by the number of alveolar cells present in mammary glands at the onset of lactation (Head and Williams, 1991) . It is known that rapid mammary development takes place during the last third of gestation (Sorensen et al., 2002) and continues during lactation (Kim et al., 1999) . Mammary involution occurs either in the fi rst 7 to 10 d postpartum when a teat is not nursed (Kim et al., 2001) , or in the initial 7 d after weaning (Ford et al., 2003 ) when a teat is nursed. This mammary regression is irreversible after 3 d and is associated with changes in the expression of specifi c genes (Theil et al., 2005) . Therefore, a major question arises; namely, does the fact that a teat is suckled or not in 1 lactation affect its development and milk yield in the subsequent lactation? This is of great importance, mainly for fi rst-parity sows, because producers need to decide on optimal litter size to ensure proper body condition and reproductive performance of sows over many parities. Ford et al. (2003) noticed that, at the end of the involution process, glands that were suckled during lactation were larger than nonsuckled glands.
Results from Fraser et al. (1992) also suggest that suckling of a teat during lactation may be benefi cial for its milk yield in the early part of the subsequent lactation, but this was never clearly demonstrated. The goal of the present study was to determine the effects of a teat being suckled or not during fi rst parity on its development, gene expression, and milk yield in the next parity. Nursing behaviors (i.e., teat stimulation and piglet aggressiveness) were also recorded and used as indicators of the level of hunger in piglets suckling those teats.
MATERIALS AND METHODS
Animals were cared for according to a recommended code of practice (Agriculture and Agri-Food Canada, 1993) and procedures were approved by the institutional animal care committee.
Sows and Treatments
Forty-seven fi rst-parity sows (Yorkshire × Landrace) were bred with semen from a pool of Duroc boars and allowed to farrow. They were then divided into these 2 treatment groups: i) same teats suckled in 2 subsequent lactations (controls, CTL; n = 22); and ii) different teats suckled in 2 subsequent lactations (treated, TRT; n = 25). Sows were selected to have 13 or 14 teats and during their fi rst lactation, over half of their teats (namely, Teats 1, 2, 5, 6, and 7 from 1 side of the udder, and Teats 3, 4, and 7 from the other side; Figure 1 ) were sealed with tape for the fi rst 7 d postpartum in Parity 1 and throughout lactation in Parity 2 so that they were nonfunctional. The side of each sealed teat was reversed for half of the sows within each treatment group to avoid any possible effect of side of the udder. Three layers of tape were used, the fi rst being a squared portion of a sanitary napkin, the second being Leukomed T Plus (BSN Medical Inc., Laval, QC, Canada), and the third being Hypafi x (BSN Medical Inc., Laval, QC, Canada). Tapes were checked twice daily and changed when necessary. Around birth, litters were standardized to 7 piglets (of average litter BW; any splayleg piglet or piglet weighing <900 g was killed during the farrowing process) and at 48 h postpartum, the number of piglets in the litter was reduced to 6 so that there was 1 piglet per available teat. After weaning, sows were bred on the second estrus. During the ensuing lactation, the CTL group had the same teats sealed as in the fi rst lactation, whereas the reverse was done for the TRT group so that nonsuckled teats in the fi rst lactation were then suckled in the second lactation (Figure 1 ). The same litter standardization protocol was used in the second as in the fi rst lactation. During the second lactation, piglets were weighed within 12 h of birth, and on d 2, 4 (exactly 48 h after the d 2 weighing), 7, 14, 21, 35, and 56 postpartum. No creep feed was distributed to pigs until weaning (d 17 ± 1) and they had no access to sow feed.
During both gestations, sows were fed a commercial corn-soybean [Zea mays L. and Glycine max (L.) Merr.] diet containing 14.6% CP, 3,150 kcal/kg DE, and 0.70% lysine according to their body condition at mating. Sows weighing 115 to 150 kg received 1 meal daily of 2.5, 2.4, or 2.2 kg for backfat thicknesses of 9 to 11, 12 to 14, and 15 to 17 mm, respectively. Sows that weighed 150 to 215 kg were fed 2.7, 2.5, or 2.3 kg for backfat thicknesses of 9 to 11, 12 to 14, and 15 to 17 mm, respectively. As of d 100 of gestation, all sows received an extra 1 kg of feed in 2 equal meals daily. During both lactations, sows were fed a 19.2% CP commercial corn-soybean diet (3,450 kcal/kg DE and 0.96% lysine) in 2 meals at 0800 and 1500 daily. Sows received 1 kg of this diet on the day of farrowing, and from d 2 to weaning this same diet was fed ad libitum. Refusals were weighed daily in second lactation only to obtain feed intakes. The same lactation feed was fed ad libitum from weaning to breeding for fi rst-parity sows. Sows were weighed and had their backfat thicknesses measured ultrasonically at the last rib (Scanmatic SM-1, Medimatic, Hellerup, Denmark) on d 2 and d 17 of the second lactation. Sows were housed in individual stalls (0.6 by 2.1 m) during gestation and were transferred to farrowing crates on d 110 of gestation. At weaning, litters were transferred to 1.9-by 1.9-m pens and pigs were fed, consecutively, 4 commercial diets ad libitum. The fi rst diet, containing 20% CP, 3,802 kcal/kg DE, and 1.5% of total lysine, was provided to piglets until they all had received an average of 0.5 kg of the diet. The second diet, containing 19.5% CP, 3,658 kcal/kg DE, and 1.4% of total lysine, was fed to piglets until they all had received an average of 1.5 kg. The third diet, containing 19.5% CP, 3,587 kcal/kg DE, and 1.3% of total lysine, was fed to piglets until they all had received an average of 5.0 kg. The last diet, contain- ing 19% CP, 3,467 kcal/kg DE, and 1.25% of total lysine, was fed to piglets until d 56 of age. Representative milk samples were obtained on d 14 ± 1 of the second lactation by hand milking. They were collected from 3 functional glands (anterior, middle, and posterior) after an intravenous injection of 1.0 mL of oxytocin (20 IU/ mL; P.V.U. Victoriaville, QC, Canada). Pigs were separated from their dam for 45 min before oxytocin was injected. Before fresh feed was provided, jugular blood samples (40 mL) were collected from sows on d 2 and d 17 of the second lactation to measure prolactin, IGF-I, and urea concentrations. The experiment was carried out from May 2009 to November 2010.
Behavioral Measures
Behavioral measures were obtained on d 3 and d 10 of the second lactation on a subsample of 15 sows per treatment to evaluate satiety of piglets using the levels of aggressiveness and nursing behavior as indicators. On these days, behaviors were recorded for 24 consecutive hours, starting at midnight, using video cameras (Panasonic WV-CP 480, Panasonic Canada Inc., Mississauga, ON, Canada) and a digital recording software (Omnicast, Genetec Inc., Montréal, QC, Canada) at the rate of 5 to 7 frames/s. Piglets and sow teats were previously numbered with a felt pen so that they could be identifi ed individually. A nursing was defi ned as a period where at least 4 of the 6 piglets were active at the udder. A productive nursing was defi ned as a nursing with a milk ejection, corresponding to a period of fast suckling by the piglets. Each nursing was observed continuously and these measurements were recorded: duration of the premassage (from beginning of the nursing to beginning of ejection) and postmassage (from beginning of ejection to end of the nursing), duration of the interval between nursings (from the end of the previous nursing to the beginning of the next nursing), position of the teat suckled by each piglet during milk ejection, whether the nursing was ended by the sow changing posture or moving, and lastly, whether the nursing was productive or not. The incidence of fi ghts at a teat between 2 piglets during each nursing was also noted as an adjusted frequency where each fi ght lasting fewer than 30 s counted as 1 fi ght, and fi ghts lasting more than 30 s counted as the number of 30-s periods they lasted. Video recordings of nursings were observed by 2 trained observers with intra-observer reliabilities of 89.5% and 93.4% and an interobserver reliability of 93.5%. From these data, the following variables were calculated: teat fi delity (percentage of nursings where a piglet suckled its preferred teat during milk ejection), percentage of missed nursings (percentage of nursings where a piglet missed the milk ejection), percentage of nursings with fi ghts (percentage of nursings with at least 1 fi ght at a teat), and percentage of nursings ended by the sow.
Assays
Blood samples for prolactin (10 mL) were collected into Vacutainer tubes without anticoagulant (Becton Dickinson, Franklin Lakes, NJ) and left at room temperature for 4 h, stored overnight at 4°C, centrifuged for 12 min at 1,800 × g at 4°C the next day, and serum was then harvested. Samples for IGF-I and urea measurements (30 mL) were collected into EDTA-tubes (Becton Dickinson) and were put on ice and centrifuged within 20 min for 12 min at 1,800 × g at 4°C, and plasma was immediately recovered. Serum and plasma samples were frozen at −20°C until assayed. A previously described RIA was used to determine concentrations of prolactin (Robert et al., 1989) . The radioinert prolactin was purchased from A. F. Parlow (U.S. National Hormone and Peptide Program, Harbor UCLA Medical Centre, Torrance, CA) and the fi rst antibody to porcine prolactin was purchased from Research Products International (Mt. Prospect, IL). Parallelism of a serum pool from lactating sows was 102.2%. Average recovery calculated by addition of various doses of radioinert prolactin to 50 μL of a pooled sample was 101.9%. Sensitivity of the assay was 1.5 ng/mL. The intra-and interassay CV were 4.15% and 4.79%, respectively. Concentrations of IGF-I were measured with a commercial kit for humans (Alpco 26-G, Salem, NH) with small modifi cations as detailed previously (Plante et al., 2011) . Validation for a serum pool from lactating sows was demonstrated, parallelism being 101.2% and average mass recovery being 101.3%. Sensitivity of the assay was 0.10 ng/mL. The intra-and interassay CV were 0.17% and 4.15%, respectively. Urea was measured by colorimetric analysis using the Auto-analyser 3 of Technicon (Technicon Instruments Inc., Tarrytown, NY) according to the method of Huntington (1984) . Intra-and interassay CV were 2.17% and 1.70%, respectively.
Whole milk was analyzed for DM, protein, fat, and lactose contents. Dry matter was measured according to a validated method using forced-air oven drying (AOAC, 2005) . Protein content was determined in duplicate with the micro-Kjeldahl method (Kjeltec Auto System, Tecator AB, Hoganas, Sweden) and fat was extracted using an established ether extraction method (method 905.02; AOAC, 2005) . Lactose was measured by a colorimetric method using a commercial kit (Megazyme International Ireland Ltd., Bray Business Park, Bray, Co. Wicklow, Ireland). Intra-and interassay CV were 0.47% and 0.76%, respectively.
Mammary Gland Measures
On the day of weaning of the second lactation, 16 sows per treatment were slaughtered and 4 functional mammary glands (Teats 3, 4, 5, and 6) were collected. They were dissected into extraparenchymal and parenchymal tissues, which were weighed, and parenchymal tissue composition (DM, fat, protein, DNA, and RNA) was measured. Samples of mammary parenchyma were collected from the other 2 functional glands (Teats 1 and 2) and were frozen at -80°C to measure mRNA abundance of prolactin, long-form prolactin receptor (PRLR-LF), signal transducers and activators of transcription (STAT) 5A, STAT5B, IGFBP5, and α-lactalbumin (LAL-BA) genes. Nonfunctional mammary glands from 16 CTL sows (2 teats/sow) that did not have those glands suckled in the fi rst lactation were also collected and used as a negative control (CTLNEG) for gene expression.
Parenchymal DNA content was estimated using a method based on fl uorescence (Labarca and Paigen, 1980) , and RNA content was measured by UV light (Volkin and Cohn, 1954) . Dry matter, protein, and lipid contents were determined according to established methods (AOAC, 2005) .
RNA Extraction, Complementary DNA Synthesis, and Real-time PCR Amplifi cations of Selected Genes
Extraction of total RNA form parenchymal tissue and its reverse transcription was performed as previously described (Labrecque et al., 2009 ). The relative mRNA abundance of studied genes was determined using real-time PCR amplifi cations. The Primer Express software 3.0 (PE Applied BioSystems, Foster City, CA) was used for primer design. Description of forward and reverse primers used for PRLR-LF, STAT5A, STAT5B, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), peptidylpropyl isomerase A (PPIA), and ubiquitin C (UBC) genes and their GenBank accession numbers are available in Farmer et al. (2012) , whereas those for LAL-BA and IGFBP5 were described by Theil et al. (2005) . Amplifi cation of the prolactin gene (GenBank accession No. NM_213926) was performed using forward 5´-TG-GAATCAAGGAGAATGAGGTCTAC-3´ and reverse 5´-AAAAGCAAAAAGGCGAGTGTCT-3´ primers, which amplify a 88-bp fragment. The PCR amplifi cations were performed in a 10-μL reaction volume consisting of 300 nM forward (150, 600, and 900 nM for STAT5A, STAT5B, and prolactin, respectively) and 300 nM reverse (150, 600, and 900 nM for PPIA, STAT5B, and prolactin, respectively) primers, 5 μL of 2× Power SYBRGreen Master Mix (PE Applied BioSystems), 3 μL of 15× diluted cDNA, and 0.05 μL of Uracil N-glycosylase AmpErase (PE Applied BioSystems), whereas transcription of LALBA and IGFBP5 was quantifi ed using gene-specifi c minor groove binding probes labeled with carboxyfl uorescein (Theil et al., 2005) . Cycling conditions, detection, and data analysis were performed as previously described (Labrecque et al., 2009 ) using an ABI 7500 Fast Real-Time PCR System (PE Applied BioSystems). Specifi city of amplifi ed fragments was assessed with the melting curve analysis using the Dissociation Curves v. 1.0 software (PE Applied BioSystems). Three reference genes (e.g., PPIA, GAPDH, and UBC) were amplifi ed to identify the 1 that was the least affected by treatments. For each gene, amplifi cations were performed in triplicate, and standard curves were established in duplicate. Standard curves were made of serial dilutions of cDNA pools as described in Labrecque et al. (2009) .
Statistical Analyses
The MIXED procedure (SAS Inst. Inc., Cary, NC) was used for statistical analyses. The 1-way factorial design used for mammary composition and milk composition data included the effect of treatment with the residual error being the error term used to test the main effect of treatment. Repeated measures ANOVA with the factors treatment (the error term being sow within treatment) and day (the residual error being the error term), as well as the treatment × day interaction were carried out on sow BW, backfat thicknesses, feed intakes, hormone concentrations, piglet BW, and behavior data. Separate ANOVAs for each day were also carried out on these variables. Data in text and tables are presented as least squares means ± maximal SEM, unless indicated otherwise.
For the prolactin, PRLR-LF, STAT5A, and STAT5B genes, the relative quantifi cation of mRNA was obtained using the standard curve method (User Bulletin No. 2; Applied Biosystems, 1997). Relative quantifi cation values were normalized using the UBC reference gene, which was identifi ed as the best reference gene according to the geNorm algorithm. This algorithm determines the most stable reference gene out of a group of candidate genes (Vandesompele et al., 2002) . For each experimental sample, the amount of the studied genes relative to UBC mRNA was determined and the relative quantity ratios were then obtained by dividing the average relative quantity of each treatment group (TRT or CTL) by the average of the control group (either CTL or CTLNEG). For these genes, the upper and lower limits correspond to a 90% confi dence interval. For the LAL-BA and IGFBP5 genes, data were analyzed using the comparative C T method (User Bulletin No. 2; Applied Biosystems, 1997). Relative quantity values were deter-mined by subtraction of the ΔCT values and upper and lower limits (range) were determined through the evaluation of this formula: amplifi cation factor (-ΔΔCT ± 1 SD) . Results were considered signifi cant when the range did not include the value of 1.
RESULTS

Sow and Piglet Performances, Sow Hormonal Data, and Milk Composition
Body weights and backfat thicknesses of sows are presented in Table 1 . These did not differ between treatments on either d 2 or d 17 of lactation (P > 0.10), and the losses in BW and in backfat during lactation also did not differ between groups (P > 0.10). Sow feed intakes (Table  1) , on the other hand, were affected by treatments (P < 0.05) and weeks of lactation (P < 0.001) in the repeatedin-time analysis. The CTL sows consumed more feed than TRT sows during the fi rst (P < 0.01) and second (P = 0.05) weeks of lactation, and tended to consume more feed than TRT sows on d 15 and 16 of lactation (P < 0.10). Sow feed intake increased as lactation progressed (P < 0.001).
Circulating concentrations of prolactin, IGF-I, and urea in lactating sows during their second parity are shown in Table 2 . The repeated-in-time analyses showed no effects of treatment on prolactin or IGF-I (P > 0.10), but there was a treatment × day interaction for urea (P = 0.05). Values for prolactin decreased between d 2 and d 17 of lactation (P < 0.001), and those for IGF-I increased (P < 0.001). Separate analyses for each day of lactation showed a tendency for CTL sows to have greater concentrations of urea than TRT sows on d 17 (P < 0.10). Milk composition (i.e., DM, fat, protein, and lactose contents) on d 14 of lactation (Table 3 ) was unaffected by treatment (P > 0.10).
Body weights of piglets and BW gains over various time periods are shown in Table 4 . There was a treatment × day interaction (P < 0.05) on piglet BW. Piglets from CTL sows weighed 1.12 kg more (P < 0.05) than piglets from TRT sows at 56 d of age. Body weight gains over the periods from 2 to 4 d and from 7 d to 14 d of lactation were greater for piglets from CTL sows so that their BW gain over the whole lactation period (d 2 to 14) was also greater than that of piglets from TRT sows (P < 0.05).
Nursing Behavior
Variables related to nursing and aggressive behavior are presented in Table 5 . Numerous variables were affected by treatment on d 3 of lactation, but none was affected (P > 0.10) on d 10 of lactation. On d 3, the average duration of the postejection phase was shorter (P = 0.01) for CTL than TRT sows, and there were tendencies for the total number of fi ghts, percentage of nursings Means within a row without a common superscript differ (P < 0.01). c,d Means within a row without a common superscript differ (P = 0.05). e,f Means within a row without a common superscript tend to differ (P < 0.10).
1 Maximum value. with fi ghts, and percentage of missed nursings by piglets over a 24-h period, to be less for CTL than for TRT sows (P < 0.10). All measured variables, except duration of postejection, were affected by day of lactation (P < 0.01). All values decreased as lactation advanced, except for number of productive and nonproductive nursings, teat fi delity of piglets, and percentage of nursings ended by the sows, which increased.
Mammary Gland Characteristics
Mammary gland composition is shown in Table 6 . There was a tendency for mammary tissue from CTL sows to contain more parenchyma than that from TRT sows (P < 0.10), and this effect was highly signifi cant when expressed per functional teat. There were also tendencies (P < 0.10) for CTL sows to have more total parenchymal protein and more total parenchymal DNA than TRT sows. Furthermore, the amounts of DNA and of RNA per teat were greater in CTL than in TRT sows (P < 0.01). Table 7 shows the mRNA abundance of selected genes in mammary parenchyma from sows. Expression of the porcine prolactin gene tended to be greater (P < 0.10) in parenchymal tissue from CTL than from TRT sows, whereas other selected genes were not differentially expressed between CTL and TRT sows. Comparison of suckled (from either TRT or CTL sows) with nonfunctional glands which were never suckled (CTLNEG) showed differences in relative mRNA abundance for all measured genes. The mRNA abundance of IGFBP5 and prolactin tended to be less (P < 0.10) in mammary glands from suckled than never-suckled glands, whereas the opposite was true for PRLR, STAT5A, STAT5B, and LALBA (P < 0.10).
Discussion
Current fi ndings provide the fi rst clear demonstration of the importance of a teat being suckled during the fi rst lactation on its milk yield during the second lactation. This Table 4 . Body weight of piglets born from second-parity sows that had the same teats (CTL, n = 22) or different teats (TRT, n = 25) suckled in fi rst and second lactation a,b Means within a row without a common superscript differ (P = 0.01).
c,d Means within a row without a common superscript tend to differ (P < 0.10).
was shown both in terms of animal performance and in terms of variables measured at the mammary gland level. To the best of our knowledge, the only previous publication looking at this issue was by Fraser et al. (1992) , yet, there was a confounding effect with teat location. Indeed, these authors reported that taping the rear teats in fi rst lactation accentuated the difference in BW gain between piglets suckling the front teats, which are known to be heavier (Dyck et al., 1987) , than the rear teats in the second lactation. Present results provide proof that this is the case regardless of teat location and that this translates into a 1.1-kg BW advantage at 56 d of age for piglets suckling teats that were previously used in fi rst lactation. Interestingly, an effect is already present in the fi rst few postnatal days, suggesting a potential impact on colostrum ingestion by piglets. It would be interesting in future studies to determine whether colostrum yield per se was indeed increased. This would be of great importance due to the essential role of colostrum for piglet growth and immunity (Quesnel et al., 2012) . Alternatively, milk yield may be greater in early lactation due to more developed glands caused by suckling in the previous lactation.
Differences observed in nursing behavior of piglets between treatments also indicate that on d 3 of lactation, piglets suckling teats that were not suckled in the previous lactation were more eager to obtain milk, and therefore, may have been hungrier. This was shown by increased aggressive behavior, longer postejection phase, and greater incidence of missed nursings at teats from TRT than from CTL sows. Indeed, Jensen et al. (1998) previously showed that a longer period of teat massage after milk ingestion is indicative of a greater hunger status in piglets. Furthermore, English and Bilkei (2004) demonstrated that in large litters, low-birth-weight piglets missed more nursings and spent more time in teat disputes than their heavier littermates, thereby suggesting that a greater level of hunger leads to more aggressive encounters. The increased hunger of piglets from TRT sows on d 3 of lactation in the present trial could be due to lower milk (or colostrum) production Table 6 . Mammary composition of 4 functional glands in second-parity sows that had the same teats (CTL, n = 16) or different teats (TRT, n = 16) suckled in fi rst and second lactation. Sows were slaughtered on d 17 of lactation Means within a row without a common superscript tend to differ (P < 0.10).
1 Maximum value. 2 Expressed on a DM basis. Table 7 . Relative mRNA quantity of selected genes in second-parity sows that had different teats suckled in fi rst and second lactation (TRT, n = 30) relative to the same teats suckled in both lactations (CTL, n = 28), or the same teats or different teats suckled in fi rst and second lactation relative to teats that were never suckled (i.e., nonfunctional, CTLNEG, n = 32) 1 PRLR-LF = prolactin receptor long form; STAT5A and STAT5B = signal transducers and activators of transcription 5A and 5B, respectively; LALBA = α-lactalbumin.
2 For prolactin, PRLR-LF, STAT5A, and STAT5B, values correspond to the average relative quantity of each group (TRT or CTL) divided by the average relative quantity for the negative controls (CTLNEG) or the controls (CTL). Upper and lower limits correspond to a 90% confi dence interval. For LALBA and IGFBP5, values are determined by subtraction of the ΔCT values and the limits correspond to a range determined through the evaluation of the following formula: amplifi cation factor (ΔΔCT ± 1 SD) . Values < 1 correspond to down-regulated genes and values > 1 correspond to up-regulated genes. Results are considered signifi cant when the range does not include the value of 1.
3 Expression of the gene tended to differ between the 2 groups compared (P < 0.1). from these teats during early lactation. Fraser et al. (1992) also observed that BW gain differences in second lactation between piglets suckling teats that were suckled or not in the fi rst lactation were most pronounced during the fi rst week of lactation compared with those from the second or third week. Therefore, it seems that suckling (or not) of a teat in the previous lactation could have a great impact on colostrum production, which merits further investigation. On the other hand, differences in mammary tissue composition were still present on d 17 of lactation. It is important to mention that to look at differences occurring at the teat level, litter size in the present study had to be reduced to 6, with 1 teat being available per piglet. This undoubtedly reduced competition and was likely a contributing factor to the enhanced growth rate observed in comparison with that of previous studies done in the same barn (i.e., 0.5 to 1 kg heavier on d 14 of lactation; Farmer et al., 2006; Lachance et al., 2010) .
The greater feed intake of CTL sows compared with that of TRT sows in second lactation is in agreement with the increased milk yield (Matzat et al., 1990; Christon et al., 1999) , and likely prevented differences in energy status (as measured by IGF-I concentrations), BW, or backfat loss during lactation between CTL and TRT sows. The tendency for greater urea concentrations in CTL sows on d 17 of lactation could be related to this increased feed intake, to alterations in protein use, or to mobilization of muscle tissue. Even though milk yield was affected, there was no change in milk composition due to treatment. The impact of treatment at the mammary gland level per se was seen both in terms of mammary composition and of altered mRNA abundance of selected genes. The increases in parenchymal tissue and parenchymal DNA in CTL sows denote the occurrence of hyperplasia, and the greater amount of RNA per teat is indicative of increased metabolic activity. Suckling of a teat in a previous lactation, therefore, leads to increased mammary cell number and activity in the subsequent lactation, which then leads to increased BW gain of piglets. A direct relationship between growth of a nursing piglet and BW and DNA content of the glands that it suckles was also demonstrated by Kim et al. (2000) ; yet, it is not known whether observed differences in mammary development at the end of lactation are due to variations in accretion rate during gestation, during lactation, or both. It is also unknown whether the observed carryover effects from the fi rst to the second lactation are solely due to differences in mammary cell proliferation, activity, and mRNA abundance of specifi c genes, or if other factors such as increased vascularization could also come into play. It is of interest to note that, in ruminants, continuous milking during gestation negatively affects mammary remodeling (Sorensen et al., 2006; Safayi et al., 2010) , thereby corroborating the impact of previous management on mammary development in the subsequent lactation.
Prolactin is essential for lactogenesis and galactopoiesis in swine (Farmer et al., 1998) , and its increased expression in mammary tissue from teats with greater milk yield (i.e., CTL vs. TRT) is in accordance with this. Yet, circulating prolactin concentrations were not altered in sows, which would seem to indicate a local effect at the level of the mammary gland. Theil et al. (2005) reported that mammary expression of the PRLR gene may be a key point in the regulation of cell turnover and, possibly, of mammary gland productivity during milk stasis. However, in the current trial, studied glands from both CTL and TRT groups were suckled in second lactation and would not have been undergoing milk stasis. The absence of a treatment effect on mammary mRNA expression of LALBA was surprising due to its relation with sow milk yield (Noble et al., 2002) , but it may be that milk yield differences in the current trial were not large enough to alter expression of LALBA. It could also be that effects were no longer present because mammary samples were collected at weaning, whereas the observed effects on milk yield were most prominent in early lactation.
Of great interest is the fact that differences between suckled (TRT and CTL) and nonfunctional glands in the second lactation led to important changes in mammary gene expression, and that these changes were similar regardless of whether the suckled teat was suckled or not during the fi rst lactation. The greater mRNA abundance of IGFBP5 in nonfunctional glands was to be expected due to its involvement in mammary involution. Indeed, Flint et al. (2001) demonstrated that pig mammary glands produce IGFBP5 during the early stages of mammary involution and they proposed that this binding protein inhibits IGF-mediated cell survival, thereby inducing apoptotic cell death. Furthermore, over-expression of IGFBP5 in mammary glands of lactating mice led to impaired milk production and to a reduction in the number of mammary cells (Flint et al., 2001) . Prolactin is a potent inhibitor of IGFBP5 expression, and one would have expected the mammary expression of prolactin to be opposite to that of IGFBP5. Surprisingly enough, that was not the case when looking at mRNA abundance. A possible explanation is that mammary expression of prolactin is important only when a gland is lactating, whereas the role of locally produced prolactin may be overruled by the strong IGFBP5 signal during involution. It is important to stress that a major stimulus for mammary growth originates from prolactin secreted from the pituitary gland, yet systemic prolactin cannot explain why suckled and unsuckled glands develop and function differently. The mechanisms responsible for regulating growth and function at the gland level still remain unknown. Theil et al. (2005) did report that mRNA abundances of LALBA and PRLR were less in unsuckled than in suckled glands and this was irreversible after 3 d of teats not being suckled. This ties in well with results from the current trial. As mediators of the action of prolactin binding to its receptor, the reduced mRNA expression for STAT5A and STAT5B in nonfunctional glands is also not surprising.
It can be concluded that nonsuckling of a teat during the fi rst lactation has a direct negative impact on its development, and reduces mammary mRNA abundance for selected genes and milk yield in the second lactation. These effects translate into less BW gain and increased hunger of piglets suckling those teats. The impacts seem to be particularly strong in early lactation, a period when it would be interesting to determine if colostrum production is affected. Furthermore, suckling during the second lactation affects mammary gene expression regardless of whether or not it was suckled in the fi rst lactation.
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